Immunoglobulin M hemagglutinin and antibody cytophilic for macrophages were produced simultaneously in mice after primary antigenic stimulation with sheep erythrocytes in saline. Antigen emulsified in Freund's complete adjuvant induced formation of cytophilic antibody (CA) in high titer. Purified cytophilic globulin was isolated by permitting it to attach to macrophages in vitro and eluting it at 56 C. The chromatographic elution pattern, molecular weight, and resistance to mercaptoethanol suggested that CA is a member of the immunoglobulin G class of immunoglobulins.
Boyden and Sorkin (4) demonstrated that immunized animals may possess an immunoglobulin capable of binding to certain cells and named it cytophilic antibody (CA). Previous studies have
shown that CA is a member of the immunoglobulin G (IgG) class of serum proteins (2, 8, 9) ; however, Rowley et al. (11) presented evidence of the binding of immunoglobulin M (IgM) to phagocytic cells after passive immunization against mouse typhoid bacteria. The present investigation was carried out to characterize the cytophilic antibody produced in mice in response to sheep erythrocytes (SRBC). Attention was given to its hemagglutinin properties, molecular weight, chromatographic elution profile, and sensitivity to mercaptoethanol. Preparation of mouse anti-SRBC CA and rabbit anti-human RBC CA. Mice and rabbits were injected with 0.2 ml of SRBC-adjuvant emulsion and 3.0 ml of human red blood cell (RBC)-adjuvant emulsion, respectively (50% erythrocytes in PBS plus an equal volume of Freund's complete adjuvant). Sixteen days later they were injected intraperitoneally with 0.2 ml of 5% SRBC in PBS and 2.0 ml of 5% human RBC in PBS, respectively. They were bled after an additional 6 days, and serum was recovered.
Elution of CA. A previously described method was used (4). Briefly, serum was mixed with 7 ml of 20% macrophage suspension in MEM in a silicon-treated test tube. The tube was incubated for 2 hr at ca. 10 C and shaken every 10 to 15 min. The cells were washed five times with a total of 150 ml of MEM and resuspended in 2.0 ml of Hanks BSS. The test tube was sealed and heated in a water bath shaker at 56 C for 45 min, after which it was centrifuged for 10 min at 2,000 X g at room temperature, and the supernatant was recovered. The eluate was stored at -20 C.
Column chromatography. Anion-exchange diethylaminoethyl (DEAE) cellulose adsorbant equilibrated with 0.02 M potassium phosphate buffer at pH 8 induction period of 4 days, ME-sensitive hemagglutinins and CA appeared; treatment of test sera with ME did not alter the CA titers. ME-resistant hemagglutinins appeared 2 days later (i.e., 6 days after stimulation). Peak total hemagglutinin and CA titers were recorded on the 6th day, but ME-resistant hemagglutinin titers continued to increase until the 14th day. After the second antigen injection, ME-resistant hemagglutinin and CA titers rose promptly to maximum levels.
DEAE cellulose fractionation of dialyzed pooled serum obtained 6 days after primary antigenic stimulation yielded two major protein peaks (Fig. 1) . The first peak had no antibody activity. The second peak contained only ME-sensitive hemagglutinating antibody. Molecular weight estimation suggested that the second fraction contained globulin with IgM characteristics. The serum sample, before fractionation, contained low concentrations of ME-resistant hemagglutinin and cytophilic antibodies (titers of 16 and 16, respectively).
Similar fractionation of dialyzed pooled serum obtained 6 days after a total of four intraperitoneal injections of SRBC yielded two significant protein peaks (Fig. 2) . The first peak contained two types of ME-resistant antibodies: hemagglutinin (titer 1,280) and cytophilic (titer 16). The second peak contained only ME-sensitive hemagglutinating antibody (titer 32). Molecular weight estimation suggested that the first peak contained globulin with IgG characteristics. (Table 3) .
Sensitized macrophages reacted with only RBC of the same species as the sensitizing CA. Moreover, sensitized macrophages retained their specific cytophilic affinity, despite washing and attempted resensitization with heterologous CA.
Physical properties of CA. Samples of lyophilized and reconstituted mouse anti-SRBC CA eluate, hyperimmune serum, IgG, and IgM were frozen at -20 C and thawed at 37 C four times. CA was inactivated, but hemagglutinins in hyperimmune serum and in IgG and IgM fractions were unaffected.
Gel filtration chromatography (Fig. 3) indicated that the molecular weight of normal mouse gamma globulin and mouse anti-SRBC IgG is about 159,000, that of CA is approximately 180,000, and that of IgM is about 630,000. DISCUSSION Anti-SRBC CA did not occur naturally in unimmunized C57BL/lOCH mouse sera. IgM hemagglutinin and CA were produced simultaneously in mice after primary injection of SRBC. Anti-SRBC CA was produced in high concentration when the antigen was prepared in Freund's complete adjuvant, as reported by Nelson and Boyden (10) , although some discrepancies have been reported as to its response with respect to the requirement of adjuvant (5, 7, 9) . Fractionation on DEAE cellulose yielded two major protein peaks, one containing ME-resistant hemagglutinin and CA and the other containing only MEsensitive hemagglutinin.
IgG hemagglutinin and CA titers in immune sera or their chromatographic fractions were sufficiently different to conclude that CA is not identical with IgG hemagglutinin but is a distinct immunoglobulin. Moreover, two adsorptions with macrophages completely removed CA from immune serum but did not decrease the hemagglutinin titer. ME did not affect the cytophilic property of CA eluate. The molecular weight of 180,000 estimated by gel filtration is consistent with reported studies which have shown that CA is a 7S globulin (1, 2, 9, 12). On the basis of its molecular weight, ME resistance, and pattern of chromatographic elution, it appears that CA is an immunoglobulin of the IgG class, yet is distinct from IgG hemagglutinin. Berken and Benacerraf (1) reported that guinea pig and mouse anti-SRBC CA are found in the slow 7S fraction and that their activity is destroyed by reduction with ME followed by alkylation but not by ME alone. 
